Abstract: Recent literature has cited trade liberalisation as a major cause for the growth of wage inequality in developing countries. This study uses primary data from 670 Chinese manufacturing firms, together with the newly introduced regression-based inequality decomposition method, to investigate the impact of industry openness on wage inequality. The empirical analysis shows that industry openness leads to a positive industry wage premium, and thereby contributes to the inter-industry wage inequality. However, the decomposition results suggest that the contribution industry openness to the wage inequality, although positive, is relatively small at 4.69%. The major contributor to the wage inequality is firms' difference in human capital, which accounted for 14.3%.
Introduction
Many developing countries that adopted trade liberalisation policies in late of last century have experienced rapid rises in wage inequalities (Goldberg and Pavcnik, 2007) . China is just one of them. Since opening up to international trade in 1978, the nation has experienced an unprecedentedly rapid development in foreign trade. From being an autarkic economy prior to 1978, China has transformed itself into being the world's largest exporters of merchandises since 2009. China in the meantime also experienced a rapid increase in income inequality: the Gini coefficient rose from less than 0.2 in the 1970s to nearly 0.5 by 2012. This change signals that trade liberalisation was accompanied with a polarisation in incomes such that China transformed itself from a being relatively egalitarian society to one of most in egalitarian nation on the planet.
The rise in income inequality accompanying trade liberalisation is a phenomenon that is not unique to China but has been noted in many developing countries including Mexico, Brazil and India (Wood, 1997; Goldberg and Pavcnik, 2004) . Since the evidence contradicts the predictions of the classic trade theory (i.e., Heckscher-Ohlin theory), a literature has developed explaining the theoretical underpinnings of such a relationship. Most of the empirical analysis supports the proposition that trade liberalisation causes wage inequality through evidence of a positive influence of trade liberalisation on wage inequality, examples include Galiani and Sanguinetti (2003) for Argentina, Hazarika and Otero (2010) for Mexico, and Mehta and Hasan (2012) for India.
However, other economists suggest that the rising wage inequality following trade liberalisation in developing countries is mainly caused by the increase in the relative demand for skilled workers due to technology changes rather than trade liberalisation. Acemoglu and Autor (2011) explained that technology changes in the twentieth century were complementary to high skill workers, thus the positive correlation between trade liberalisation and wage inequality is due to technological progress via its impact on the relative demand for skills in both developing countries and developed countries. Van Reenen (2011) , and Conte and Vivarelli (2011) support this claim and find that technology is the major cause for the growth of wage inequality in developed and developing countries respectively. However, Haskel and Slaughter (2001), and Blum (2008) compare the impacts of technology and trade on wage inequality but obtain opposite results. The former found that trade liberalisation was the major cause for the rise of wage inequality in the UK; while the latter suggested the technology was the major cause for the case of the USA. Almeida and Afonso (2009) use a sample of 25 countries and found that technology is the major cause for the growth of wage inequality in developed countries while trade is the major factor responsible in developing countries. Xu and Li (2008) found that, although both technology changes and trade liberalisation increase the relative demand for skills in China, the impact of technology is much greater, and thus they suggested that the skilled-biased technology change may be the major cause for rising wage inequality in China. There is, however, some consensus in the literature of contribution both skill-biased technology change and trade liberalisation on wage distributions in developing countries.
In this paper, we use a sample of 681 manufacturing firms to investigate the impact of industry openness and firm characteristics of organisation and employment on firm-level wage inequality. This study contributes to the extant literature in three ways. First, this study, to our knowledge, is the first that uses the effective rates of protection to measure industry openness as well as tests its direct impact on industry wage premium. Second, this study is amongst the very few empirical studies that use firm-level data to investigate the effect of trade liberalisation on wage inequality. Most of the existing literature on wage inequality in the context of China use individual wage data as it is readily available (see Han et al., 2012) . The quality of data on wages is questionable as the individual wage data from national household surveys include government transfers which are independent of trade liberalisation (Goldberg and Pavcnik, 2007) . Thus, Bernard et al. (2007) suggest that researchers use firm-level data in the analysis of the impact of foreign trade on wages. Last, this study extends previous literature by employing the regression-based inequality decomposition method introduced by Fields (2003) to compute and compare the contribution of openness, human capital and other factors to wage inequality.
The rest of this paper is organised as follows. The next section describes the methodology and data that is used for empirical analysis. Section 3 discusses empirical results, and the last section concludes with a short summary and policy implications.
Methodology and data

Empirical strategy
This study adapts the three-stage estimation framework introduced by Mehta and Hasan (2012) to examine the impact of trade liberalisation and firm characteristics on wage inequality. The three-stage estimation method combines a two-stage estimation framework familiar from labour-economic literature that examines the impact of trade liberalisation on industry wage premium and a third stage of inequality decomposition that calculates and compares the contribution of trade and firm characteristics to the firm-level wage inequality.
In this first stage, we model the wage equation with the use of firm data and then extract the wage premium of each industry. The wage equation is as follows:
where ln(w ij ) is the logarithm value of average wage for firm i in industry j. I j stands for a set of industry indicators, while F ij is a vector of firm characteristics including the share of production workers, human capital, firm size, firm age, ownership form (foreign-invested, state-owned or others), and firm location (province). Thus, wp j is the coefficient of I j , which represents the wage premium in industry j. It captures the part of wage variation among sample firms that can be explained by industry affiliation. In the second stage, industry wage premiums (wp j ) are regressed on industry's openness to examine the impact of trade liberalisation on inter-industry wage inequality. The regression model is:
where Open j stands for the degree of openness for industry j, and thus its coefficient β j measures the impact of openness on industry wage premium. Following Arbache et al. (2004) , the variable of industry openness is constructed as an exponential form of each industry's effective rates of protection (ERP j ) as follows:
While the ERP is considered a good measure of industry openness as it reflects the whole tariff structure of a country by taking into account tariff levels of both intermediate and final products (Goldberg and Pavcnik, 2007) , only a few studies have used the ERP to measure industry openness largely because of its unavailability. Therefore, in this study, we follow the method of Corden (1966) In the third stage, we employ a regression-based decomposition method of Fields (2003) to compute the contribution, in percentages, of industry openness and firm characteristics on firm-level wage inequality. Based on the regression results from modelling wage equation (1), the contribution of each factor to the firm-level wage inequality is
where y is the dependent variable in wage equation (1), which is ln(w i ). X k is a set of explanatory variables listed on the right side of wage equation (1). β k is the estimated parameters of characteristics k.
Data source and variable description
This study uses a primary cross-sectional data set from 670 manufacturing firms in 2012. These firms covered 20 industries at two-digit level of International Standard Industrial Classification (ISIC) and employed approximately 3.51 million workers. All of the required data were collected from each firm's financial annual reports of 2012, which are the most recent reports available in published form. The sample includes all of manufacturing firms listed on two Chinese stock markets (Shanghai and Shenzhen), but excludes those firms without complete information on wage bills and labour characteristics. The reason we selected firms listed on stock markets is that independent auditors had audited those firms' financial annual reports before publishing, and thus those data are more reliable than data collected from other sources. However, we are well aware that the choice of listed firms might lead to an overestimation of coefficient because our sample firms normally have larger size and pay higher wages to their employees than those firms not listed on the stock markets.
The dependent variable in equation (1) is the logarithm of firm's average annual average (W i ), which is calculated as the total wage bill divided by the total number of employees. The explanatory variable of the share of production workers (L i ) is measured as the percentage of workers working on the production line to the total employment. Human capital (R i ) is measured as the proportion of workers with a university degree and above. Additionally, firm size (S i ) is measured as the logarithm of total assets for each firm when registered, and firm age (A i ) measures the length of time a firm has been in business. Two firm-level characteristics are also included: ownership form (foreigninvested, state-owned or others) and firm location (province). The descriptive statistics for the dependent variable and numeric explanatory variables are provided in Table 2 . Table 3 reports the first stage regression results. The adjusted R 2 for the regression without industry indicators and with industry indicators are 0.317 and 0.409, respectively. The difference between them implies that the industry affiliation accounted for 9% of the total variation in annual wages (log) among firms after controlling for location, human capital, worker type, firm's ownership, firm size, and firm age. Our estimate of the industry-contribution to wage inequality is higher than the general finding in the literature using the individual wage data, which is about 4 to 7% (Kumar and Mishra, 2008 ), but it is still close. The dissimilarity may occur because of using firm-level data and China as the case study. Notes: Standard errors are presented in parentheses. Province dummy includes 31 provinces in mainland China, but the results are not reported to save space. ***Significant at 1% level; **significant at 5% level; *significant at 10% level.
Empirical results
Estimation of wage equations and wage premium
For the rest of explanatory variables, two regression models listed in Table 3 present very similar results suggesting positive impacts of skills, firm size and state-ownership on firm wages while a negative impact of labour intensity. Since the second specification that includes industry affiliations provides a better fit of the data as it reports a higher R 2 , we limit the following discussion of results to this model only. The estimated coefficient of 0.924 for skills and this being statistically significant at the 1% level suggests that a 1% increase in the proportion of workers with university degree or above will increase the average wage of the firm by an approximate percentage point. Additionally, the coefficient of firm size is 0.056 and significant at 1% level in both the models, which suggests that if firm's size increases by 10%, the average firm wage will increase by 0.56%. The coefficient of state-owned dummy is also positive and statistically significant with a magnitude of 0.11, indicating that State-owned enterprises tend on average to pay 11.6% higher wages than non-state owned firms, all else equal. The coefficient of labour intensity, however, is negative with the value of -0.268, suggesting that a 1% increase in the proportion of production workers in a firm will lead to a 0.27% decrease in firm's average wages. Furthermore, the estimation results suggest that firm age has no significant influence on firm wages, and firms with foreign investments show no wage premium over their counterparts.
Effect of industry openness and wage premium
Based on estimation results reported in column (2) of Table 3 , we extract industry wage premiums (wp j ). The results are reported in Table 4 , which show a considerable dispersion across industries with the normalised wage premiums ranging from -2.37 to 1.33. Among the seven industries with statistically significant wage premiums, three industries, i.e., ISIC30, ISIC28, and ISIC2, reported positive wage premiums, and four industries, i.e., ISIC13, ISIC15, ISIC17, and ISIC21, reported negative industry wage premiums. For example, the estimated wage premium for the industry of transport equipment (ISIC30) is 0.163 and significant at 10% level, and the estimate of wage premium for textile industry (ISIC17) is -0.211 and significant at 5% level. These estimations imply that a worker with the same observable characteristics switching job from textile to transport industry would observe a rise in annual wages of 37% (i.e., 0.163 − (−0.211)).
Table 4
The estimated wage premium for 20 industries Notes: Standard errors in parentheses. ***Significant at 1% level; **significant at 5% level; *significant at 10% level.
Next, we present a scatter plots in Figure 1 to illustrate the relationship between industry openness and wage premium. As expected, it suggests a positive relationship, which suggests that industries with higher openness tend to pay higher wage premiums. Notes: Standard errors in parentheses. ***Significant at 1% level, **significant at 5% level, *significant at 10% level.
Then, we estimated equation (2) to measure the magnitude of the effect of industry openness on industry wage premium; the results are reported in Table 5 . Model 1 is estimated using the OLS method and model 2 is estimated using the weighted least squares (WLS) method that uses the inverse of the standard error of the wage premium from the first stage as weights. The estimation results are in accordance with Figure 1 and confirm that industries that have higher degree of openness tend to pay higher wages to their employees after controlling for differences in firm and workers characteristics as the coefficient of openness on the estimated industry wage premium is positive and statistically significant in both models. The magnitude of 3.3 in the WLS model suggests that a 1% increase in the industry openness leads to an increase in the industry wage premium by 3.3%. This finding is in line with Kumar and Mishra (2008) who found a positive impact of industry openness on wage premium in India by using the individual wage data.
Decomposition of wage inequality
The estimation results from the first two stages suggest that both industry openness and firm characteristics in labour force and organisation (firm size and ownership) have positive and significant impacts on firm wages. However, they do not tell us how much does each factor contribute to the wage inequality. To answer this question, we conduct the third stage analysis by decomposing the firm-level wage inequality and then compute the contribution in percentages of each factor to the wage inequality. Therefore, we first calculate the wage inequality of our sample firms, which is 0.19. Then, based on the regression equation reported in Table 3 , we calculate the contribution (in percentages) of each factor to the wage inequality with the use of equation (3). The results are reported in Table 6 , which suggest that residuals can explain some 71% of firm-level wage inequality. Among all other explanatory variables, the variable of skills is the largest contributor to firm-level wage inequality, which accounted for 14.30%. The variable of industry affiliation, although being the second-most important factor, only contributed 4.69% of wage inequality. The share of productions workers is the third largest contributor with a contribution of 4.57%. Firm size and ownership form accounted for 3% and 2%, respectively. The contributions of firm location (province) and firm age were negligibly small. The results suggest that both of trade liberalisation and skills contribute to the wage inequality positively, but the impact of skills is much larger than that of trade. Total 100
Conclusions
This study investigates the impact of trade liberalisation on industry wage premium as well as computes and compares the percentage contribution of industry openness and firm characteristics in terms of employment and organisation on the firm-level of wage inequality. We employ a primary data set constructed from accessing published data on 670 Chinese manufacturing firms. Consistent with the prediction of classical trade theory, the empirical analysis has shown that trade liberalisation increases firm wages as firms in more open industries tend to pay higher average wages to their employees than their counterparts who were relatively closed to international trade. Trade liberalisation is an important factor in determining firm-level wage inequality, but it is not the main driver. The result from decomposing firm-level wage inequality suggested that the firm's difference in skills was the major cause for wage inequality. It contributed 14% to firm-level wage inequality, which is about three times that of industry openness. In conclusion, this study shows that openness expands wages, but only makes a moderate contributor to the firm-level wage inequality. The policy implication of these findings is that a further trade reform in the relatively closed industries will help to increase wages of low-income earners without raising wage inequality across firms. Moreover, improved education opportunities for unskilled workers will raise salaries and reduce firm-level wage inequality.
